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ABSTRACT 



An arrangement is described for determining the position of 
a motion sensor element influencing the formation of a 
magnetic field periodically along its motion co-ordinate, the 
arrangement comprising a sensor element which is sensitive 
along a measuring direction to at least the polarity of the 
magnetic field and is adapted to supply a measuring signal 
in dependence upon a field component of the magnetic field, 
denoted as measuring field and measured in the measuring 
direction, the measuring direction of the sensor element 
being aligned at least substantially right-angled to the 
motion co-ordinate of the motion sensor element. 

The invention thereby provides an arrangement for deter- 
mining the position of a motion sensor element with a "true 
power-on" facility. 
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ARRANGEMENT FOR DETERMINING THE 
POSITION OF A MOTION SENSOR ELEMENT 

[0001] The invention relates to an arrangement for deter- 
mining the position of a motion sensor element. 

[0002] Arrangements for measuring the rotational speed 
of a rotating motion sensor element comprising a sensor 
element utilizing the magnetoresistive effect have been 
described. This magnetoresistive sensor element comprises 
four permalloy strips which are arranged on a silicon sub- 
strate in a meandering pattern and configured as a Wheat- 
stone bridge. The magnetoresistive sensor element is sensi- 
tive along a measuring direction to the polarity and the field 
strength of an external magnetic field and adapted to supply 
a measuring signal in dependence upon a field component of 
the magnetic field, denoted as measuring field and measured 
in the measuring direction. 

[0003] Since, due to the magnetoresistive effect, a rota- 
tional movement of the motion sensor element cannot be 
directly measured, a permanent magnet denoted as working 
magnet is additionally fixed to the magnetoresistive sensor 
element. This working magnet is stuck to the rear side of the 
magnetoresistive sensor element or its housing so that the 
magnetoresistive sensor element is permeated with the mag- 
netic field of the working magnet, although in this assembly 
itself a field component of the magnetic field will not occur 
in the measuring direction without the motion sensor ele- 
ment. The measuring signal supplied by the magnetoresis- 
tive sensor element is equal to zero in this configuration. 

[0004] When a motion sensor element formed like a 
gear-wheel of a ferromagnetic material is arranged in the 
vicinity of the sensor, this will lead to a change of the field 
variation of the magnetic field of the working magnet. To 
this end, the measuring direction of the magnetoresistive 
sensor element is aligned in the direction of movement of the 
motion sensor element with respect to the teeth of the motion 
sensor element formed like a gear-wheel of ferromagnetic 
material. The teeth of the motion sensor element thus move 
past the sensor element in this measuring direction. Along 
the motion co-ordinate of the motion sensor element coin- 
ciding with the measuring direction, this leads to a distortion 
of the field lines of the magnetic field of the working magnet 
in the measuring direction of the sensor element, which 
distortion occurs periodically with respect to the distance 
between the teeth of the gear-wheel-like shape of the motion 
sensor element. In a "symmetrical" position, in which the 
sensor element is centered in front of a tooth or in a gap 
between two teeth, the magnetic field is not distorted in the 
direction of movement of the motion sensor element, so that 
the output signal of the sensor element is equal to zero in this 
position. In a "non-symmetrical" position, in which the 
sensor element is neither centered in front of a tooth or a gap, 
the magnetic field is distorted in the direction of movement 
of the motion sensor element, which depends on the motion 
co-ordinate of the motion sensor element. The sensor ele- 
ment thereby generates an output signal which is dependent 
on this motion co-ordinate of the motion sensor element, 
which output signal may be preferably at least substantially 
sinusoidal on the motion co-ordinate. 

[0005] A magnetized motion sensor element has also been 
described, in which magnetic north and south poles of 
alternating polarity are arranged along its direction of move- 
ment. In this form, the motion sensor element itself provides 
the magnetic field and thereby also the measuring field. 



[0006] Such magnetoresistive sensor elements are used 
together with rotating motion sensor elements in diversified 
systems for detecting the number of revolutions of wheels, 
shafts or the like, coupled to the motion sensor elements. 
One of the most principal fields of application is their use in 
anti-blocking systems or as crankshaft rotational sensors in 
motor vehicles. The sensor is then conventionally operated 
in front of a gear-wheel of a magnetizable material, with four 
resistors connected in a Wheatstone bridge configuration, in 
which the measuring direction, i.e. the magnetically sensi- 
tive direction of the sensor element is parallel to the rota- 
tional direction co-ordinate of the gear-wheel in the manner 
described. 

[0007] As described, the output signal of the Wheatstone 
bridge can be represented in a first approximation by a 
sinusoidal signal on the motion co-ordinate of the motion 
sensor element, in which the zero-crossings in the output 
signal occur before the center of a tooth or before the center 
of a gap between two teeth of the motion sensor element. In 
the case of a moved motion sensor element, the position of 
the motion sensor element with respect to the sensor element 
can be unambiguously determined from the output signal. 

[0008] The arrangement described hereinbefore has the 
drawback that, for an unambiguous determination of the 
position of the motion sensor element along the motion 
co-ordinate, the motion sensor element must be in motion. 
Directly after putting the sensor element into operation, i.e. 
after switching on the power supply, no unambiguous deter- 
mination of the position is possible because the output signal 
is not unambiguous. For example, an output signal of the 
Wheatstone bridge with a value of zero may mean that the 
sensor element is right in front of a tooth or right in front of 
a gap. This is particularly a drawback when the motion 
sensor element is subdivided into a small number of teeth as 
in, for example, camshafts of vehicle motors. 

[0009] In many applications, as in, for example, the detec- 
tion of the number of revolutions of camshafts or during 
operation of crankshaft starter generators, an unambiguous 
determination of the position of the motion sensor element 
is desired right upon the start of operations. This possibility 
of unambiguously determining the position of the motion 
sensor element right upon the start of operations is also 
denoted as "true power-on" facility. 

[0010] It is an object of the invention to provide an 
arrangement for determining the position of a motion sensor 
element with such a true power-on facility. 

[0011] According to the invention, this object is solved by 
an arrangement for determining the position of a motion 
sensor element influencing the formation of a magnetic field 
periodically along its motion co-ordinate, the arrangement 
comprising a sensor element which is sensitive along a 
measuring direction to at least the polarity of the magnetic 
field and is adapted to supply a measuring signal in depen- 
dence upon a field component of the magnetic field, denoted 
as measuring field and measured in the measuring direction, 
the measuring direction of the sensor element being aligned 
at least substantially right-angled to the motion co-ordinate 
of the motion sensor element. 

[0012] This arrangement provides the simple possibility of 
gaining an output signal from the sensor element with an 
unambiguous assignment of the motion sensor element to 
the position of the sensor element. 
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[0026] FIG. 2 shows an embodiment of an arrangement 
according to the invention. 

[0027] In the arrangement shown in FIG. 1, the reference 
numeral 1 denotes a toothed wheel, or gear-wheel, of a 
magnetizable material which constitutes a motion sensor 
element and rotates in a direction of movement indicated by 
the arrow 6. Arranged in front of the teeth of the gear-wheel 
1 is a sensor element 2 whose measuring direction is 
indicated by means of an arrow denoted by reference 
numeral 5 and is aligned parallel to the direction of move- 
ment 6. A magnet 3 formed as a permanent magnet and 
constituting a working magnet is arranged behind the sensor 
element 2, which magnet impresses a magnetic field, here 
denoted as magnetization 4, on the arrangement consisting 
of the gear-wheel 1 and the sensor element 2, while the 
principal direction of the magnetic field lines of the mag- 
netic field — magnetization 4 — emanating from the working 
magnet is aligned substantially right-angled to both the 
motion co-ordinate of the gear-wheel 1, i.e. its direction of 
movement 6, and the measuring direction 5 of the sensor 
element 2. 

[0028] In this arrangement, the teeth of the gear-wheel 1 
constitute a strip-shaped zone of periodically recurrent areas 
alternately influencing a measuring field which is formed by 
a field component of the magnetic field 4 parallel to the 
direction of movement 6 and is not explicitly shown in FIG. 
1. This measuring field is produced by the excursion of the 
magnetic field lines towards the flanks of the teeth of the 
gear-wheel 1. 

[0029] FIG. 2 shows an embodiment of an arrangement 
according to the invention in which elements corresponding 
to those in FIG. 1 are denoted by the same reference 
numerals. 

[0030] In this arrangement, a gear-wheel 10 comprising 
two strip-shaped zones of periodically recurrent areas alter- 
nately influencing the measuring field is used instead of the 
gear-wheel 1 in the configuration shown in FIG. 1, which 
zones are offset by at least substantially half a period of the 
areas alternately influencing the measuring field in the 
direction of the motion co-ordinate of the motion sensor 
element. In the gear-wheel 10, these strip-shaped zones are 
constituted by two sets of teeth which are arranged axially 
next to each other and are offset in the direction of move- 
ment 6 of the gear-wheel, i.e. in its circumferential direction, 
by half a distance of two consecutive teeth. Consequently, 
each tooth of a first set of teeth is adjacent to a gap of the 
second set of teeth and, conversely, each gap of the first set 
of teeth is adjacent to a tooth of the second set of teeth. For 
example, a tooth 13 in the second set of teeth is adjacent to 
a gap 11 in the first set of teeth, and a tooth 12 adjoining the 
gap 11 in the first set of teeth is adjacent to a gap 14 
adjoining the tooth 13 in the second set of teeth. 

[0031] The arrangement shown in FIG. 2 includes a 
sensor element 20 whose structure corresponds to that of the 
sensor element 2 in the arrangement shown in FIG. 1, but 
now its measuring direction 50 is rotated by 90° with respect 
to that in FIG. 1 and points in the axial direction of the 
gear-wheel 10. The measuring field in front of each mating 
of one tooth on one of the sets of teeth with a gap of the 
respective one of the other set of teeth is now constituted by 
the distortions of the magnetic field lines of the magnetic 
field ("magnetization") 4 of the magnet 3 in the axial 



direction of the gear-wheel 10, i.e. alternating with the teeth 
13, 12, etc. of the two sets of teeth of the gear-wheel 10. The 
measuring field is alternately oriented in either the same or 
the opposite sense to the measuring direction. Accordingly, 
the sensor element 20 alternately supplies either a positive or 
a negative output signal upon a rotation of the gear-wheel 
10. For example, in the position of the gear-wheel 10 in 
which the mating of gap 11 with tooth 13 is situated in front 
of the sensor element 20, the field lines of the magnetic field 
4 are deflected in the measuring direction 50, namely 
towards tooth 13, which yields a measuring field in the 
positive measuring direction 50 and hence corresponds to a 
positive output signal. When the gear-wheel 10 is further 
rotated until the mating of tooth 12 with gap 14 is situated 
in front of the sensor element 20, the field lines of the 
magnetic field 4 are deflected in the opposite direction, i.e. 
opposed to the measuring direction 50, in front of the mating 
of gap 14 with tooth 12, which yields a measuring field in 
the negative measuring direction 50 and hence corresponds 
to a negative output signal. 

[0032] As regards the output signal of the sensor element 
20, the offset between the two sets of teeth in the circum- 
ferential direction, i.e. in the direction of movement 6, by 
half a distance between two consecutive teeth involves an 
(electrical) shift by 180°. 

[0033] The arrangement according to the invention 
ensures that, also in gear-wheels having a coarse pitch, an 
unambiguous assignment of the output signal of the sensor 
element 20 to a given position of the motion sensor element 
10 along the motion co-ordinate, i.e. in the direction of 
movement 6, is always given. 

[0034] The arrangement described hereinbefore may also 
be used in conjunction with Hall sensors for a state recog- 
nition which is independent of distances and is therefore not 
limited to the use of MR sensors. 

[0035] In a modification of the embodiment described 
hereinbefore a "conventional" gear-wheel 1 as shown in the 
arrangement in FIG. 1 is combined with a sensor element 
which is similar to the sensor element 20 shown in FIG. 2. 
In the arrangement thus obtained, the sensor element 20 and 
the magnet 3 are simultaneously offset on one of the outer 
edges of the gear-wheel 1 — viewed in its axial direction. The 
measuring field is formed by axial field components of the 
magnetic field 4 in the area of the edge of the gear-wheel 1. 
In this case, a unipolar output signal is produced at the 
sensor element 20. The states in which a tooth or a gap are 
situated in front of the sensor element 20 can be distin- 
guished from the amplitudes of this output signal. 

1. An arrangement for determining the position of a 
motion sensor element influencing the formation of a mag- 
netic field periodically along its motion co-ordinate, the 
arrangement comprising a sensor element which is sensitive 
along a measuring direction to at least the polarity of the 
magnetic field and is adapted to supply a measuring signal 
in dependence upon a field component of the magnetic field, 
denoted as measuring field and measured in the measuring 
direction, the measuring direction of the sensor element 
being aligned at least substantially right-angled to the 
motion co-ordinate of the motion sensor element. 

2. An arrangement as claimed in claim 1, characterized in 
that, arranged in a strip-shaped zone of a main surface 
extending along the motion co-ordinate of the motion sensor 
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element, said motion sensor element comprises periodically 
recurrent areas alternately influencing the measuring field 
which is being formed parallel to the main surface and is at 
least substantially right-angled to the motion co-ordinate of 
the motion sensor element, and the measuring direction of 
the sensor element is aligned at least substantially parallel to 
the main surface of the motion sensor element. 

3. An arrangement as claimed in claim 2, characterized in 
that the motion sensor element comprises two strip-shaped 
zones of periodically recurrent areas alternately influencing 
the measuring field, which zones are offset in the direction 
of the motion co-ordinate of the motion sensor element by 
at least substantially half a period of the areas alternately 
influencing the measuring field. 

4. An arrangement as claimed in claim 2 or 3, character- 
ized in that the zones of periodically recurrent areas alter- 
nately influencing the measuring field are constituted by 
projections alternating with indentations substantially per- 
pendicular to the main surface of the motion sensor element, 
which projections and indentations are formed from a mag- 
netizable material comprised by the motion sensor element. 

5. An arrangement as claimed in claim 4, characterized by 
a working magnet for impressing the magnetic field on the 
arrangement, in which the principal direction of the mag- 
netic field lines of the magnetic field emanating from the 
working magnet is aligned at least substantially right-angled 
to the motion co-ordinate of the motion sensor element as 
well as to the measuring direction of the sensor element. 



6. An arrangement as claimed in claim 2 or 3, character- 
ized in that the zones of periodically recurrent areas alter- 
nately influencing the measuring field are constituted by 
alternating, opposite magnetic poles of a magnetized mate- 
rial comprised by the motion sensor element. 

7. An arrangement as claimed in claim 2, characterized in 
that the sensor element is arranged opposite or next to a 
peripheral area, which is lateral with respect to the direction 
of movement, of the strip-shaped zone of periodically recur- 
rent areas alternately influencing the measuring field of the 
motion sensor element. 

8. An arrangement as claimed in claim 3 or any one of 
claims 4 to 6 where appendant to claim 3, characterized in 
that the sensor element is formed as a differential Hall sensor 
element with two sub -sensor elements, a respective one of 
which is arranged opposite a respective one of the zones of 
periodically recurrent areas alternately influencing the mea- 
suring field. 

9. An arrangement as claimed in any one of claims 1 to 7, 
characterized in that the sensor element is a magnetoresis- 
tive sensor element. 

10. An arrangement as claimed in any one of claims 1 to 
9, characterized in that the motion sensor element is linear. 

11. An arrangement as claimed in any one of claims 1 to 
9, characterized in that the motion sensor element is rota- 
tionally symmetrical. 

***** 



